We present a chemical abundance analysis of four additional confirmed member stars of Tucana III, a Milky Way satellite galaxy candidate in the process of being tidally disrupted as it is accreted by the Galaxy. Two of these stars are centrally located in the core of the galaxy while the other two stars are located in the eastern and western tidal tails. The four stars have chemical abundance patterns consistent with the one previously studied star in Tucana III: they are moderately enhanced in r-process elements. The non-neutron-capture elements generally follow trends seen in other dwarf galaxies, including a metallicity spread of 0.44 dex and the expected trend in α-elements, i.e., the lower metallicity stars have higher Ca and Ti abundance. Overall, the chemical abundance patterns of these stars suggest that Tucana III was an ultra-faint dwarf galaxy, and not a globular cluster, before being tidally disturbed. As is the case for the one other galaxy dominated by r-process enhanced stars, Reticulum II, Tucana III's stellar chemical abundances are consistent with pollution from ejecta produced by a binary neutron star merger.
INTRODUCTION
Over sixty years ago, Burbidge et al. (1957) summarized a plausible story for the nucleosynthesis of every element in the Periodic Table. Since that time, observations of the production processes of all but the heaviest elements have confirmed early theories, with only the production site (or sites) of the rapid neutron-capture, or r-process, elements eluding direct observation. The recent detection of a binary neutron star merger event enabled by LIGO (Abbott et al. 2017 ) and extensive efforts to follow up the event (e.g. Drout et al. 2017; Shappee et al. 2017 ) have added a further dimension to the study of r-process element production, perhaps enabling the direct observation of the production sites of the heaviest elements for the first time.
In the Milky Way halo and in dwarf galaxies, stars have been found showing large enhancements in rprocess elements. These are divided into two subclasses: moderately enhanced r-I stars (+0.3 < [Eu/Fe] < +1.0) and highly enhanced r-II stars ([Eu/Fe] > +1.0) . These stars, which are often metal-poor, are quite rare, and as of a few years ago, only ∼100 r-I and 20 r-II stars were known, nearly all located in the halo. Only recently have r-process enhanced stars begun to be found in larger numbers via dedicated searches (e.g. Barklem et al. 2005; Hansen et al. 2018; Sakari et al. 2018b) or in serendipitous discoveries during chemical study of Milky Way satellite galaxies (Ji et al. 2016a; Roederer et al. 2016; Hansen et al. 2017) .
Interestingly, two recently discovered Milky Way satellite galaxies, Reticulum II and Tucana III, have been shown to be enhanced in r-process elements. These discoveries have been enabled by modern deep, widefield imaging surveys such as the Dark Energy Survey (DES; DES Collaboration 2005), Magellanic Satellites Survey (MagLiteS; Drlica-Wagner et al. 2016) , Survey of the Magellanic Stellar History (SMASH; Martin et al. 2015) , and Pan-STARRS (Chambers et al. 2016) , which have revealed faint, previously unknown stellar associations. Of particular interest are the discoveries of many dark matter-dominated ultra-faint dwarf galaxies and tidally disrupted stellar streams that have been found in and around the Milky Way halo using images from DES Koposov et al. 2015; Drlica-Wagner et al. 2015; Luque et al. 2016 Luque et al. , 2017 Shipp et al. 2018) .
The first of the DES-discovered ultra-faint dwarf galaxies to be kinematically confirmed as a dark matterdominated ultra-faint dwarf galaxy was Reticulum II (Ret II; Simon et al. 2015; Walker et al. 2015) . The nine brightest confirmed member stars were subsequently chemically analyzed by Ji et al. (2016a,b) and Roederer et al. (2016) ; these authors showed that most of the stars in Ret II are strongly enhanced in the rprocess elements, i.e., they are r-II stars. Since r-II stars are so rare in the Milky Way, it was particularly notable to have found a galaxy seemingly composed primarily of these types of stars. Even more interesting, the authors conclude that the high fraction of r-process enhanced stars must be due to Ret II's chemical history being dominated by a single nucleosynthetic event, most likely a binary neutron star merger.
A second ultra-faint dwarf galaxy, Tucana III (Tuc III), the subject of this paper, has since been shown to be enhanced in r-process elements as well, although to a lower level of enhancement than Ret II. Tuc III was first identified as a candidate Milky Way satellite galaxy in the DES Year 2 dataset . Simon et al. (2017) measured radial velocities of candidate member stars in Tuc III and used 26 confirmed member stars to show that, if Tuc III is a galaxy, it may be the Milky Way satellite galaxy with the lowest mass and velocity dispersion and also the smallest metallicity dispersion of any known dwarf galaxy (Segue 2 has a similarly low mass Kirby et al. 2013) . Despite the fact that these characteristics place Tuc III in a part of parameter space where globular clusters and dwarf galaxies cannot be cleanly separated, Simon et al. (2017) concluded that Tuc III is most likely a dwarf galaxy and not a globular cluster. A possible explanation for Tuc III's low metallicity and large size is that the prominent central overdensity is actually the center of a previously more populous galaxy that has been tidally stripped, leaving only the core of the galaxy intact. The brightest confirmed member star in Tuc III has been chemically analyzed by Hansen et al. (2017) , who classified it as an r-I star.
Tuc III is unique amongst recently discovered candidate Milky Way satellites in that the DES discovery images show a linear structure in the filtered stellar density map that extends two degrees to either side of the central overdensity. The papers reporting the discovery and kinematic confirmation of Tuc III suggested that this feature may be consistent with a set of leading and trailing tails resulting from tidal disruption as Tuc III merges with the Milky Way halo. Indeed, have recently confirmed that these structures are kinematically associated with the Tuc III system, adding 22 confirmed members of the Tuc III tidal tails to the 26 central core stars confirmed by Simon et al. (2017) . The tidal tails extend at least 2 degrees to either side of the core and show a significant velocity gradient across the structure, as expected for a system being tidally disrupted as it merges with the Milky Way. Furthermore, Erkal et al. (2018) used these same stars and their measured velocity gradient along with predicted space velocities to fit an orbit about the Milky Way, indicating that Tuc III has had a recent close passage with the Large Magellanic Cloud. This prediction was further refined with Gaia proper motions (Simon 2018) which demonstrate that Tuc III is now on a highly eccentric orbit around the Milky Way with a pericenter of ∼3 kpc.
In this paper we present the chemical abundance analysis of four additional stars in the Tuc III stellar system; two located in the core of the galaxy and two in the tidal tails. This paper is organized as follows: In Section 2 we describe the observations of the four stars. We describe the radial velocity and abundance measurements of these stars in Section 3 and present the results of these measurements in Section 4. In Section 5 we discuss the implications of the chemical abundance patterns of the Tuc III member stars and in Section 6 we conclude.
OBSERVATIONS AND DATA REDUCTION
We selected a sample of four confirmed member stars of Tuc III that had not been studied previously with high resolution spectroscopy: two stars were selected from the sample of confirmed member stars of Simon et al. (2017) , located in the core of the galaxy, and two stars were selected in Tuc III's tidal tails from the sample of confirmed member stars of . Throughout this work we include one star previously chemically analyzed by Hansen et al. (2017) for reference.
A color-magnitude diagram of the Tuc III member stars is presented in Figure 1 , with reddening-corrected stellar magnitudes from and Simon et al. (2017) . Figure 2 shows the locations of these five stars with respect to confirmed member stars in Tuc III's core ) and tail . In Figures 1 and 2 , astrometry and photometry are those reported by when available, since that more recent work presents measurements from the DES DR1 public data release (DES Collaboration 2018), an updated, better-calibrated version of the DES catalog than the Y2Q1 catalog used by Simon et al. (2017) .
Observations were performed with the MIKE spectrograph (Bernstein et al. 2003) at the Magellan-Clay Telescope at Las Campanas Observatory. Observations took place on 05-07 August 2016. We used a 0.7 arcsec slit with 2x2 pixel binning to obtain a spectral resolution of R=λ/∆λ ≈ 41,000 in the blue and 32,000 in the Color-magnitude diagram composed with DES photometry for confirmed member stars of Tuc III. DES J235532 was shown to be an r-I star by Hansen et al. (2017) and is marked with a green diamond; the four stars studied in this work are marked with stars: the red and yellow stars are located in the core of the galaxy; the blue and magenta stars are in the tails. Filled circles mark other confirmed member stars in the core of Tuc III from Simon et al. (2017) ; open circles are confirmed member stars located in the core and tidal tails from . A Dartmouth isochrone (Dotter et al. 2008) red. The spectra cover 3310Å< λ <5000Å in the blue channel and 4830Å< λ <9160Å in the red. Conditions were somewhat marginal on the first two nights, with some cloud cover and seeing of 0.8 to 1.2 arcsec; clouds cleared and seeing improved to 0.7 arcsec on the third night. Each star was observed on only one night, with multiple 30-minute integrations interspersed with ThAr comparison lamp spectra at intervals of no more than one hour to facilitate precise wavelength calibration and radial velocity measurements. In addition to the program stars, at least one radial velocity standard star was observed on each night; telluric standards were observed on the first and third nights.
An observing log is given in Table 1 . The four stars studied here will be referred to as DES J235738, DES J235550, DES J000549, and DES J234351 for brevity. We include the star DES J235532 studied by Hansen et al. (2017) for reference. Also included in Table 1 are the DES astrometry and g and g−r photometry for each star reported by .
Reduction of the data, including bias subtraction, flat fielding, spectral extraction, wavelength calibration, and coadding was completed on the mountain with the latest version of the MIKE pipeline (Kelson 2003) . Formal signal-to-noise (S/N ) ratios were measured at 4100 and 5500Å using the IRAF task splot and are presented in Table 1 .
STELLAR PARAMETER DETERMINATION
AND CHEMICAL ABUNDANCE ANALYSIS
Radial Velocities
Radial velocities for each star were measured by comparing the program star with a radial velocity standard star (HD136202) observed on the first night of the run. Radial velocities were derived via cross-correlation of each order of the program star spectrum with the corresponding order of the standard star spectrum. The blue and the red arms of the spectrograph were considered independently. The mean values of the resulting relative velocities from each arm, for 28 orders in the blue and 6 orders in the red, with 3-σ outliers rejected, e.g. RV blue = (v n,blue )/N , where v n,blue is the velocity derived from each order of the blue arm and N is the total number of blue orders. These velocities were then averaged to form the final reported velocity for each star: RV f inal = (RV blue +RV red )/2. Errors were derived using the standard deviation of the individual velocities determined from each order, again considering the blue and red arms separately. The reported error on each velocity is calculated as σ RV f inal = (σ
1/2 . Measured radial velocities for all four stars are presented in Table 2 . The radial velocity measurements were used to place each program star spectrum on a wavelength scale associated with rest wavelengths. These velocities can also be used to investigate whether the stars are in fact binaries, as discussed in Section 5.3.
Stellar parameter measurements and abundance analysis
Stellar parameters for the four stars were derived spectroscopically, following the method described by Hansen et al. (2017) . In brief, we used the 2017 version of the MOOG spectral synthesis program (Sneden 1973) , making the assumption of local thermodynamic equilibrium and including Rayleigh scattering treatment as described by Sobeck et al. (2011) 1 . Initial effective temperatures were determined from excitation equilibrium of Fe I lines and thereafter placed on a photometric scale using the relation from Frebel et al. (2013) . Following this the surface gravities (log g) were determined from ionization equilibrium between the Fe I and Fe II lines. Finally microturbulent velocities (ξ) were determined by removing any trend in line abundances with reduced equivalent widths for the Fe I lines. Final stellar parameters are presented in Table 2 and lines used for the analysis of each star are listed in Table 3 .
Abundances were derived from equivalent width measurements and spectral synthesis using MOOG. We used α-enhanced ([α/Fe] = +0.4) 1D LTE ATLAS9 model atmospheres (Castelli & Kurucz 2003) and the solar photosphere abundances from Asplund et al. (2009) . Line lists were generated using the linemake package 2 (C. Sneden, private comm.), including molecular lines for CH, C 2 , and CN and isotopic shift and hyperfine structure information. Measured stellar abundances are presented in Table 4 .
Uncertainties on the derived abundance for J000549 arising from stellar parameter uncertainties are listed in Table 5 . These uncertainties were computed by deriving abundances with different atmospheric models, each with one parameter varied by its uncertainty as given in Table 2 and added in quadrature. As all stars have similar stellar parameters and spectral quality we consider these uncertainties to be applicable to all four stars studied here.
Sample synthetic spectra for absorption lines of Sr, Ba and Eu can be found in Figure 3 , overlaid onto the observed spectra.
4. RESULTS
Non-neutron-capture elements
We derive abundances for eighteen non-neutroncapture elements from C to Zn, including a range of α-elements (Mg, Si, Ca, Ti) and iron peak (Cr, Mn, Fe, Co, Ni) elements. Figure 4 shows the abundances of fifteen of these elements as a function of [Fe/H] compared to stars in other ultra-faint dwarf galaxies and stars in the Milky Way halo. When considering the sample of all five stars, a range of metallicity ([Fe/H]) is observed as well as the expected trend in α-elements, i.e. that lower .
b Reported at the midpoint of the observation.
c From Hansen et al. (2017) , included for reference. metallicity stars in the stellar population have higher α abundances since they were formed at a time at which stellar nucleosynthesis was dominated by Type II SNe, compared to the more metal-rich stars that are formed later after the stellar population has been polluted by Type Ia SN explosions (Tinsley 1979 ). This α "knee" is observed in the elements Ca and Ti; see Figure 4 . None of the stars can be classified as carbon-enhanced metal-poor stars (CEMP; [C/Fe] > 0.7).
Neutron-capture elements
We derive abundances or upper limits for eleven neutron-capture elements from Sr to Er. Figure 5 shows abundances of the neutron-capture elements Sr, Ba, and Eu compared to stars in other ultra-faint dwarf galaxies and stars in the Milky Way halo. Figure 6 shows the neutron-capture element abundance pattern for each of the stars compared to the solar system s-and r-process abundance pattern from Simmerer et al. (2004) . For each star the solar pattern has been scaled to the average residual between the star and the Sun for elements with abundances (not upper limits) from Ba to Er. It is clear from Figure 6 that the neutron-capture abundance pattern in four of the stars is better matched by the solar system r-process abundance pattern than the s-process pattern. J234351, with abundances measured for only six neutron-capture elements, is the exception. Neither the solar system r-nor s-process pattern matches the derived abundances for this star well. This could be explained if this star is confirmed to be a binary, as we discuss in Section 5.3; note however that this star's spectrum also has the lowest signal-to-noise of those studied here, so additional data are required.
We [Eu/Ba] added to the traditional definition of r-process enhancement in order to ensure that the enhancement is entirely due to elemental production via the r-process, and is not confused by contributions from the s-process. Since Eu is nearly entirely produced in the r-process (94%, Koch & Edvardsson 2002) but Ba is produced primarily in the s-process (85% according to Burris et al. 2000) , the ratio of Eu/Ba is often used to gauge whether the neutron-capture elements in a given star were produced primarily via the s-or r-process.
Our measurements show that overall Tuc III is moderately enhanced in r-process elements: three of the four stars studied here are r-I stars having 0.3 < [Eu/Fe] < 1, as is J235532, the Tuc III star previously studied by Hansen et al. (2017) . Figure 7 shows the [Eu/H] ratios as function of metallicity for the five Tuc III stars along with r-process enhanced stars in other dwarf galaxies and in the Milky Way halo.
Velocity gradient
Measured radial velocities of the stars studied here are consistent with Simon et al. (2017) and Figure 1 ) compared to stars in other ultra-faint dwarf galaxies (colored circles and triangles, the latter indicate upper limits): Horologium I (Nagasawa et al. 2018) , Reticulum II (Ji et al. 2016b ), Tucana II (Chiti et al. 2018) , Bootes I (Gilmore et al. 2013; Ishigaki et al. 2014; Frebel et al. 2016; Norris et al. 2010) , Bootes II (Ji et al. 2016d) ,Coma Berenices and Ursa Major II , Hercules (Koch et al. 2008) , Leo IV , Segue 1 (Frebel et al. 2014) , and Segue 2 (Roederer & Kirby 2014) . Milky Way halo stars ) are plotted as small grey points. The expected trend in α-elements can be seen most easily in the Ca and Ti abundances.
as shown in Figure 8 . We collect all measured radial velocities for the five Tuc III stars in Table 6 . We confirm the results of , i.e. that there is a significant velocity gradient across the Tuc III system. We also see some evidence for velocity variations in individual stars, discussed in more detail in Section 5.3.
DISCUSSION
Throughout this Section we include the star DES J235532 studied by Hansen et al. (2017) in the discussion, increasing the sample size to five.
5.1. The r-process enhancement event Tuc III is the second ultra-faint dwarf galaxy containing multiple stars enhanced in r-process elements. As discussed in Section 1, the first such galaxy, Ret II, is even more highly enhanced than Tuc III, i.e. many of the Ret II stars are r-II stars (see Figure 7) . The fact that so many stars in a galaxy as small as Ret II share a common chemical pattern suggests that a single nucleosynthetic event must have occurred early in the history of the galaxy, polluting future generations of stars, and that most of the stars in the galaxy were impacted by the event.
The r-II stars in Ret II have an average enhancement in Eu of [Eu/H] ∼ −1. Ji et al. (2016a) used this level and an estimated dilution gas mass, i.e. the mass of hydrogen gas that the r-process material is diluted into, of Ret II of 10 6 M ⊙ to argue that a binary neutron star merger was the most likely source of the excess of Eu detected in Ret II as other sources would not have [Eu/H] as a function of [Fe/H] for the stars in Tuc III (symbols as in previous figures) compared to rprocess enhanced stars in the halo (grey plusses) and other dwarf galaxies, including classical dwarfs (green dots; references given in Hansen et al. 2017) and Reticulum II (plum circles). Dashed lines show limits for r-I and r-II stars. The majority of stars in the halo and in other galaxies are not r-process enhanced; these would appear in the lower right and are not plotted here. 57200 57300 57400 57500 57600 57700 57800 57900 58000 and AAT ) are marked as circles; symbols for the stars considered in this work are as in Figure 1 . The dashed line and shaded region show the mean radial velocity and upper limit on the velocity dispersion of the Tuc III core stars as measured by Simon et al. (2017) . The radial velocities of the tail stars confirm the velocity gradient measured in the AAT data. DES J234351 shows significant velocity variation and is likely in a binary system; DES J235738 may also be a binary.
produced enough Eu to enhance the galaxy to the level detected. In Tuc III we find an average enhancement in Eu of [Eu/H] ∼ −2. Assuming the same binary neutron star merger Eu ejecta mass as in Ji et al. (2016a) , 10 −4.5 M ⊙ , leads to a dilution gas mass of ∼ 2 × 10 6 M ⊙ , twice that of Ret II. If the r-process elements were produced via the same mechanism in Ret II and Tuc III, then either Tuc III had twice the gas mass to pollute or half the amount of r-process material. Current data do not distinguish between these possibilities, but we note that the ejecta mass from a neutron star merger could well vary from event to event (Côté et al. 2018) . It is also worth noting that the stellar mass of Ret II is 2.6 ± 0.2 × 10 3 M ⊙ , that of Tuc III is 0.8 ± 0.1 × 10 3 M ⊙ (Drlica-Wagner et al. 2015) , and that of the Tuc III stream is 3.8 × 10 3 M ⊙ (Shipp et al. 2018) , so many possible dilution scenarios are plausible. Sakari et al. (2018a) show that r-process enhanced stars in the Milky Way halo at a range of metallicities have nearly identical r-process patterns, matching the solar system r-process pattern, regardless of the level of r-process enhancement. Hansen et al. (2017) also found this to be true for the r-process enhanced stars detected in classical and ultra faint dwarf galaxies. The implication of this result is that there must either be a single mechanism for r-process element production, or else every r-process production mechanism must produce identical abundance patterns. If the former, the most likely site of r-process enhancement is binary neutron star mergers, based on observational evidence to date. Furthermore, in galaxies with masses as low as the ultrafaint dwarfs discussed here, the star formation history must have proceeded in such a way that there was likely only one enrichment event, early in the history of the galaxy (e.g. Ojima et al. 2018 ). The r-process enhancement of Tuc III is consistent with this result, although with a different r-process element or dilution gas mass than in the case of Ret II. Hansen et al. (2017) noted that with a sample of one star it is difficult to determine whether the source of enhancement in this galaxy is inside or outside the galaxy. With this larger sample of stars in both the core and the tidal tails, we can now claim that the abundance pattern of Tuc III, like that of Ret II, must be due to an enhancement event inside the galaxy. Since it appears that stars throughout the galaxy show similar levels of r-process enhancement, we can further state that this enhancement event must have occurred early in the history of the galaxy, thereby polluting the galaxy on large scales. Safarzadeh & Scannapieco (2017) used an adaptive mesh refinement cosmological simulation to show that the exact location of an enrichment event in small ultrafaint dwarf galaxies such as Ret II can have a large impact on the enrichment of all stars in the galaxy. In the case of Ret II, they compared the results of a binary neutron star merger located at the center of the galaxy compared to on the outskirts of the galaxy to show that the high levels of r-process enhancement seen in Ret II can only be explained if the event occurred very close to the center of the galaxy, and at a time at which the stars were still being formed. Another implication of the work of Safarzadeh & Scannapieco (2017) is that a galaxy with lower levels of r-process enhancement, such as Tuc III, may have experienced a similar nucleosynthetic event, but that it was located at the edges of the galaxy. Such events occurring on the edges of the galaxy are not particularly unexpected, given the "kicks" binary neutron stars experience. Now that multiple stars in Tuc III have been shown to be moderately enhanced in r-process elements, a more detailed comparison can be made to this theoretical work.
Galaxy or Globular Cluster?
Both Simon et al. (2017) and considered in some detail the nature of Tuc III, since the low measured velocity dispersion (0.1 +0.7 −0.1 km s −1 ) leads to speculation as to whether Tuc III was truly an ultrafaint dwarf galaxy or rather a globular cluster at birth. A possible reason for the low measured velocity dispersion, as discussed by Simon et al. (2017) , is that stripping of the stars has lowered the velocity dispersion as Tuc III merges with the Galaxy. Since the velocity dispersion may not clearly determine the nature of Tuc III, we consider here several chemical aspects of the stellar population that may shed light on its origin.
The four stars studied here have a mean metallicity of [Fe/H]∼ −2.64, significantly lower than the star studied by Hansen et al. (2017) ([Fe/H] ∼ −2.25). Figure 9 compares two of these spectra and demonstrates that Tuc III is not a monometallic system. Confirmation of Tuc III's metallicity dispersion using the five stars studied here provides further evidence that Tuc III is in fact a galaxy, since the dark matter content of galaxies is expected to cause a spread of stellar metallicities, unlike in the case of globular clusters (Willman & Strader 2012) .
We further investigate the nature of Tuc III by considering the abundances of elements involved in protoncapture reactions, specifically Mg and Al. The Mg-Al anticorrelation that is observed in globular clusters is thought to be produced via pollution of second generation stars in the cluster by massive asymptotic giant branch (AGB) stars at the end of their lives, particularly in massive or very metal-poor clusters (e.g. Carretta Figure 9 .
Comparison of the spectrum studied by Hansen et al. (2017) (DES J235532) and of one of the stars in this work, DES J235550. The temperatures and surface gravities of these two stars are very similar; the metallicity difference between the two stars is apparent. (Gratton et al. 2006) , and NGC6752 (Carretta 2009 ), other ultra-faint dwarf galaxies (symbols as in previous figures), and stars in the halo , grey points;). Tuc III does not appear to have a Mg-Al anticorrelation, as would be expected if it were a globular cluster. Figure 10 compares the Mg and Al abundances of the Tuc III stars to red giant stars in four globular clusters that have been shown to have a strong Mg-Al anticorrelation. The Tuc III stars studied here do not exhibit the proton burning trend.
2009).
Finally, while it is true that globular clusters generally have neutron-capture enhancement similar to that observed here (and very different from other ultra-faint dwarf galaxies, see Ji et al. 2018 , for example), we do not feel that this commonality is enough to claim that Tuc III is more likely to be a globular cluster. Furthermore, Tuc III's average metallicity, [Fe/H]∼ −2.49 , would place it on the extreme low end of the distribution of globular cluster metallicities: the lowest metallicity globular cluster in the Harris (1996 Harris ( , 2010 catalog is NGC 7078 with [Fe/H]=−2.37. We therefore conclude that Tuc III is most likely an ultra-faint dwarf galaxy and not a globular cluster.
Binarity
Since all five of our stars were studied using multiple observations over a span of two years, we can use multiepoch radial velocities to search for reflex motion due to the stars being in an undetected binary system. In Figure 8 we compare the radial velocities measured in this work with those measured by Simon et al. (2017) and . We see very good agreement between the measurements of three of the stars: DES J235532, DES J235550, and DES J000549 do not appear have variable radial velocities according to these measurements and are therefore unlikely to be binaries with periods 1 year. Two other stars may have unseen binary companions: DES J234351 shows large radial velocity variation, and DES J235738 may also show small velocity variation. DES J234351 is identified as a binary by as well, who note a ∆v∼20 km s −1 and exclude the star from further analysis of Tuc III's kinematics. Our higher precision velocities confirm the velocity shift between observations made in 2016 and 2017 and indicate that DES J234351 is very likely a binary system. DES J235738 shows potential velocity variation with amplitude of order 5 km s −1 . A simple chi-squared calculation shows that the deviation of our measured velocities from a constant value has a chi-squared value of 7.09 with 5 degrees of freedom, or a reduced chi-squared value of 1.42, where a value of 1 is the expectation for nonvariable velocity. This corresponds to a p-value of 0.21, and the null hypothesis rejected at the 79% confidence interval. We conclude that this star may also be a binary, and warrants further kinematic measurements. If DES J235738 is shown to be in a binary system, mass transfer from its companion could potentially explain its chemistry as well, since this star has the highest carbon abundance of all of the stars studied here (carbon enhancement is a common indicator of mass transfer binaries) and also appears to have some s-process enhancement in addition to the r-process enhancement shared with the other stars.
These are not the first binary stars discovered in an ultra-faint Milky Way satellite galaxy. Koch et al. (2014) measured velocities of one star in the Hercules dwarf galaxy over a two year baseline and concluded that it was in fact a binary system having a 135 day period, composed of a giant with a low-mass companion, likely a white dwarf. Despite the fact that mass transfer binaries can explain peculiar abundance patterns in some cases, no such binary scenario could be described by Koch et al. (2014) in the case of Hercules. Conversely, a binary star in Segue 1 does show signs of mass transfer (Frebel et al. 2014 ) through its high carbon abundance. Binary stars have also been detected via variable radial velocity signatures in Boo II (Ji et al. 2016d) , Tri II (Venn et al. 2017; Kirby et al. 2017) , Carina II , and Ret II (Minor et al. 2018; Simon et al. 2015) .
CONCLUSIONS
We have presented chemical abundance measurements of four additional confirmed member stars in the Tuc III stellar system: two stars located in the core of the galaxy and two in the tidal tails. Together with the star studied by Hansen et al. (2017) , the sample of five stars shows that Tuc III is moderately enhanced in r-process elements (r-I), shows the expected trend in α-elements, and is not carbon enhanced. At least one, and possibly two, of the stars are likely to be binaries. The abundance patterns of these stars suggest that Tuc III is an ultrafaint dwarf galaxy and not a globular cluster.
As can be seen in Figure 1 , there are more than ten additional confirmed member stars of Tuc III that are bright enough to be studied in this way with today's largest telescopes and could be added to this sample: three blue horizontal branch stars and eight additional stars on the giant branch with g<19 (although not all of these may be true members, see . In the near term, study of these stars could increase the sample somewhat, until the next generation of telescopes enables the study of additional, fainter stars at high resolution.
Interestingly, two of the recently discovered southern hemisphere ultra-faint dwarf galaxies, Ret II and Tuc III, have now been shown to have multiple stars enhanced in r-process elements to a greater or lesser extent. The other DES-discovered ultra-faint dwarfs that have been studied chemically to date, Tuc II (Ji et al. 2016c ), Gru I (Ji et al. 2018) , and Hor I (Nagasawa et al. 2018) , do not show r-process enhancement. Additional ultra-faint dwarfs have member stars that are bright enough to be studied chemically, and may further add to the census of r-process enhanced galaxies. The reason that Ret II and Tuc III, and none of the other galaxies, have multiple r-process enhanced stars is as yet unknown, but may become clearer with study of additional stars in these and other galaxies. a Reported at the midpoint of the observation.
b Average value over a ten night observing run.
